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HE importance of day length as a determining factor in the time of

floral initiation in plants was first reported by GARNER and ALLARD
(1920). Since then numerous investigations have been conducted on this
phenomenon, and many plants have been classified into short-day, long-day
and day-neutral types on the basis of their response to photoperiod. All
known varieties of teosinte belong to the short-day group of plants, while
North American maize varieties are little influenced by photoperiod, and may
be classified as day-neutral types. The fact that fertile hybrids may be readily
produced between maize and teosinte affords an excellent opportunity for a
study of the inheritance of this short-day character in hybrids between the
two species.

PHOTOPERIODISM

The exact physiological processes necessary to bring about the change from
a vegetative to a flowering state are still unknown, despite the considerable
information on this subject which has now been collected. Although several
factors may influence the formation of flower primordia, it is generally recog-
nized, as expressed by RoOBERTS and STRUCKMEYER (1938), that the flowering
state is a direct result of the internal condition of the plant, rather than a
condition brought about by any particular external factor. However, of the
external factors which ordinarily influence plants growing under natural
conditions, photoperiod and temperaturé are undoubtedly of primary im-
portance. THoMpsoN (1940), in reviewing the work on relation of temperature
to vegetative and reproductive development in plants, reports that the evi-
dence shows the prevailing temperature may be a determining factor in photo-
periodic response. The present concepts of the mechanisms of photoperiodism
have been summarized by MURNEEK (1948), who states that the photoperiodic
response is received through the leaves and transmitted to the meristem, and
that light, in regard to both duration and intensity, is the activating agent.
Various hypotheses to account for the differences in plant reaction to photo-
period have been advanced by Cuoropny (1939), Lanc and MELCHERS
(1941), Ham~er (1942, 1944) and BorTEWICK, PARKER and HENDRICKS
(1948), but so far there has been no conclusive evidence to warrant the ac-
ceptance of any particular proposal.

It has long been recognized that plant varieties or strains within a single
species may differ to a considerable degree in their individual time of blooming.
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However, with the discovery that photoperiod could exert a pronounced
influence on time of floral initiation, it soon became evident that varieties of
sensitive species differed genetically in their response to photoperiod. GARNER
and Arrarp (1930) and BorrHWICK and PARKER (1939) in soybeans, OWEN,
CarsNER and StouT (1940) in sugar beets, OLMSTEAD (1944) in side-oats
grama and QUiNBY and KarPER (1947) in sorghum have all reported a diver-
sity in photoperiodic response, which was due to genetic variation among
those strains within the species studied. Inheritance studies involving photo-
periodic response, however, have been relatively few in number. GoopwIin
(1944) obtained results from a study of the F; and F. generations involving
three strains of the short-day species, Solidago sempervirens L., which indicated
that the minimal number of gene pairs determining photoperiodic response
approximated the haploid chromosome number (n=9). QuiNBY and KARPER
(1945) reported that three genes exist in the milo variety of grain sorghum
which are influenced by photoperiod, and that they are capable of producing
four maturity phenotypes under natural day-length conditions. LaNc (1948)
studied the inheritance of photoperiodic response in Nicotiana tabacum L.
hybrids, and found that a single gene pair conditions the difference between
Maryland-Mammoth, a short-day type, and Java, a day neutral form.
However, the rather extreme range encountered in the day-neutral segregates
of the F; population indicates that modifier genes also influence time of
blooming in this group; or perhaps other factors in addition to photoperiod
are operative.

It has been known for many years that teosinte is a member of the short-day
group of plants, and previous studies have been conducted on the inheritance
of this character in maize-teosinte hybrids. Corrins and KEmprON (1920)
reported that no simple type of inheritance for days to anthesis was indicated
by their data obtained from the study of a maize-teosinte F; hybrid population.
LancHAM (1940) studied the inheritance of photoperiodic response in crosses
of Durango teosinte X maize, and interpreted the data as indicating a single
gene was responsible for the short-day response, and that maize was dominant
to teosinte for this character. MANGELsDORF and REEVES (1939) found no
linkage of days to anthesis with marker genes on chromosomes 2, 4, 6 and 9
in a study of several backcross progenies of (Florida teosinte X maize) X
maize. In a study of weak versus strong response to length of day in Nobogame
teosinte X maize and Durango teosinte X maize F; hybrid populations,
MANGELSDORF (1947) reported that in neither population was there an ap-
proach to a simple Mendelian ratio.

DESCRIPTION OF PRESENT STUDY

Previous investigations have definitely shown that teosinte varieties differ
to a considerable degree in their response to photoperiod. Consequently, in
order to determine the response of several varieties, as well as to obtain a
rather adequate sample of the species, varieties from six different sources were
used in this experiment. These varieties, with the exception of El Valle, have
been designated by the name of the town near or in which they were collected.
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As may be determined from the map shown in figure 1, giving places of origin
of the different teosinte varieties, these varieties represent collections from a
range of latitudes.

Three of the varieties are from Nobogame, Durango and Chalco respec-
tively in Mexico, and three are of Guatemalan origin. One of the latter is from
a collection obtained near San Antonio Huixta, another from a collection made
near Jutiapa, and the third is of indefinite origin but resembles very much the
commercial type used in the southern United States which is known as the

| NOBOGAME

s DURANGO

FIGURE 1.—Map of the southern United States, Mexico and Guatemala, showing original
place of collection for each of the teosinte varieties used in the present study. The location of
College Station, Texas, where the maize-teosinte hybrids were grown, is also given.

Florida variety. As this latter type, which has been designated as El Valle, is
apparently similar to Florida teosinte in all respects, its place of origin has
been shown as southern Guatemala, in accord with the conclusion by LoNGLEY
(1937) as to the source of the Florida variety.

In order to minimize the degree of variability within each of the teosinte
varieties, strains with some degree of inbreeding were used whenever possible.
S: strains of Nobogame, Durango and Jutiapa and an S; strain of Huixta
were used in all crosses involving these teosintes. An individual open-pollinated
plant served as a source of seed of the Chalco variety; the only seed available
of the El Valle variety was that from an open-pollinated source.

Since the type of maize used also affects the appearance of the hybrids, a
common multiple tester stock was used for making all crosses with the excep-
tion of those involving Jutiapa teosinte. The multiple tester was quite uniform
as a result of inbreeding, and was homozygous for marker genes on nine of the
ten chromosomes, The marker genes were bms, lg1, a1, sw, ¥, gh, j1, wx and
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£1. In addition, the marker gene P was introduced from the maize parent in
some of the crosses. All of the teosinte varieties cdrried contrasted alleles of
these genes. .

A typical plant of the multiple tester maize parent is shown in figure 2. A
plant of El Valle teosinte shown in figure 3 gives some idea of the difference
in appearance of the two species under Texas conditions. The other Guate-
malan teosintes resembled El Valle to a marked degree in plant growth, but
the Mexican teosintes were considerably less vigorous and possessed fewer
tillers. The F, hybrid of El Valle teosinte X maize is shown in figure 4. In
the hybrids, also, as in the varieties, the Guatemalan teosintes were con-
siderably more vigorous and produced a greater number of tillers than the
Mexican. varieties.

The study of all parental strains and hybrid populations was conducted at
College Station, Texas (see figure 1) during the spring and summer of 1948,
where the day length during the growing season approaches a maximum of
approximately 14 hours. The seeds of each progeny were planted individually
in 5-cm high paper cups in the greenhouse on April 17 to 19, and seedlings
were transplanted to the field ten days later. Weather conditions in general
were favorable from the time of planting until the latter part of July, although
from the last week in July until mid-September the growth of all plants was
definitely retarded by the hot, dry weather.

In addition to the parental progenies and F; hybrids, both F; populations
and populations involving backcrosses to each parent were included in the
experiment. An attempt was made to provide 400 plants in each F; population,
200 plants in each backcross, 15 of each of the teosinte parents and Fy’s and
60 of the maize parent. Although seed shortages of certain crosses and un-
favorable weather conditions after planting reduced the final number of plants
used for study, approximately the desired number was available in most
populations. The actual number of individuals in each population is given in
table 1. In this table, as in all later tables, the variety of teosinte is used to
designate the indicated generation of a cross involving that particular teosinte
and maize.

Plants of all populations were examined continually during the period of
pollen shedding, and the date of anthesis for each plant recorded. In actual
practice it was frequently necessary to estimate the actual date of anthesis for

TaBLE 1
Number of individuals in each population.

POPULATION NOBOGAME DURANGO CHALCO KL VALLE HUIXTA  JUTIAPA
Teosinte parent 8 8 10 14 13 10
Teosinte-maize F; 14 14 — 14 1 15
Maize parent 54 54 54 54 54 54
F1X teosinte 179 188 197 148 76 114
FiXmaize 195 188 194 145 196 171

Teosinte-maize F, 372 377 354 384 381 221
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FiGure 2.—Plant of the multiple tester Ficure 3.—Plant of El Valle teosinte.
maize parent.

FicUure 4.—Plant of the F; hybrid El Valle teosinte X maize.
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plants blooming during the latter half of the summer. During this period,
because of insufficient moisture and extremely hot weather, the anthers did
not usually dehisce, and in many instances the tassels were formed but failed
to emerge fully. There were some plants, particularly in the F; and teosinte
backcross populations involving Huixta teosinte, that lived until September
1 or later and finally died without forming tassels. Their dates of anthesis were
recorded as the time at which they died. While this procedure introduced some
error, it seemed to be the best method to follow in the recording of the data.
All plants so classified were of a very late group (135 days or more) for their
population, so it is not felt that they were seriously misclassified.

Some difficulty was encountered in determining the exact date of anthesis
for the teosinte parents, as all tended to flower during the latter part of the
season when growing conditions were poor. Several plants of both the Nobo-
game and El Valle parents actually shed pollen, so the dates recorded for these
varieties are accurate for the conditions encountered in 1948. Of the Jutiapa
and Durango parental plants only two of each variety formed tassels, but as
the duration of growth for several other plants indicated a similar period to
flowering the estimates for those varieties should be relatively accurate. No
plants of the Chalco and Huixta teosintes formed visible tassels, so their esti-
mated dates of anthesis are based on the length of life of the latest plants of
each variety. It is felt that the adverse growing conditions during the latter
part of the season lengthened the time to flowering for late plants of all popu-
lations as well as the parental teosintes, and that under more favorable condi-
tions the extremes in lateness would not have been quite so great.

In addition to the information obtained on date of anthesis for plants in all
populations, data were also collected on number of tillers. Most teosinte
varieties, and particularly those of Guatemalan origin, are characterizea by a
large number of tillers. On the other hand, most maize varieties tiller very
little, and the strain used in this study exhibited no tendency whatsoever for
tillering.

SEGREGATION OF MARKER GENES

Numerous studies have been conducted using marker genes in maize-teo-
sinte crosses, and in most instances a normal segregation has occurred. How-
ever, KEmpTOoN (1924) in studying a hybrid of maize and Florida teosinte
recovered only 12 percent of the &r plants in the F; generation instead of the
expected 25 percent. MANGELSDORF and REEVES (1939) reported a marked
deficiency of plants segregating for the su, and 7'» genes on chromosome 4, in
a backcross population of (Florida teosinte X maize) X maize.

Segregation of marker genes in the backcrosses to maize and the F: popula-
tions which occurred in the present experiment are shown in tables 2-6. Chi-
square values were calculated for goodness of fit to a 1:1 and 3:1 ratio for
the backcross and F» progenies respectively, and P values for all genes are
included in the tables. Although most of the genes behaved in a normal fashion,
there were a few notable exceptions. The most striking deviation was found
in the sugary segregates of the El Valle backcross and F, progenies. Of the
seed on the backcross ears only 13.4 percent were sugary, while on the I'; ears
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TaBLE 2
Segregation of marker genes in Nobogame teosinte-maize populations.

F1XMAIZE F,
CHROMOSOME GENE TEOS. MAIZE P TEOS. MAIZE P
GENE GENE VALUE GENE GENE VALUE
1 Bms 87 108 .15 272 100 .40
1 P — — — 29 45 < .0t
2 Lg 107 88 .25 283 89 >.50
3 Ay 85 110 .10 232 140 <.01
4 Su 149 180 .10 738 185 <.01
6 Y 152 177 .15 200 723 .02
7 Gl 89 106 .20 273 99 .25
8 J1 100 95 >.50 319 53 <.01
9 W 165 164 > .50 683 240 .50
10 G, 89 106 .20 288 84 .20

8.0 percent were sugary. These results agree with those of previous investi-
gators in demonstrating a deficiency of fourth chromosome maize genes in
hybrids with Florida teosinte, a fact which gives additional support to the
assumption that the El Valle and Florida varieties are quite similar. Although
the cause of this deficiency cannot be determined from this experiment, it
seems reasonable to conclude that it is related to the sterility which is found
in the Fy hybrids. BEADLE (1932), MANGELSDORF and REEVES (1939) and
O’MARA (1942) have all reported polien sterility in hybrids of Florida teo-
sinte and maize. The exact mechanism causing this sterility is unknown,
although it seems rather certain, according to the results of previous experi-
ments by RoGers (unpublished), that some factor on chromosome 4 is pri-
marily responsible for this sterility which occurs in hybrids of the southern
Guatemalan teosintes with maize.

TABLE 3

Segregation of marker genes in Durango teosinte-maize populations.

Fi X MAIZE Fs
CHROMOSOME GENE
TEOS. MAIZE P TEOS. MAIZE P
GENE GENE VALUE GENE GENE VALUE
1 Bm, 101 87 .30 277 100 .50
1 P 29 63 <.01 46 112 .25
2 Lg, 103 85 .20 270 - 107 .10
3 Az 96 92 >.50 255 122 <.01
4 Su; 148 132 .30 642 179 .04
6 Y 152 128 15 226 595 .10
7 Gl 117 71 <.01 340 37 <.01
8 Ji 104 84 .15 275 102 .30
9 Wx 133 147 .40 622 199 > .50
10 G 116 72 <.01 284 93 >.50
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TaBLE 4

Segregation of marker genes in Chalco teosinte-maize populations.

FiXMAIZE F,
CHROMOSOME GENE -
TEOS. MAIZE P TEOS. MAIZE P
GENE GENE VALUE , GENE GENE VALUE
1 Bm, 86 108 .10 258 96 .35
1 P 39 68 <.01 54 100 <.01
2 Lg, 92 102 .50 272 82 .40
3 A, 111 83 .05 243 111 <.01
4 Su, 174 136 .04 725 168 <.01
6 Y 115 123 > .50 246 647 .10
7 Gl i 83 .05 274 80 .30
8 Ji 114 80 .02 267 84  >.50
9 Wx 157 153 >.50 674 219 >.50
10 G: 107 87 15 282 72 .05

There is a marked deficiency of glossy segregates in those populations
involving Durango teosinte. In the maize backcross 37.8 percent glossy plants
were recovered, while only 9.8 percent were obtained in the F; population. A
similar deficiency of glossy plants occurred in the Huixta teosinte-maize F,
population, as only 14.2 percent were obtained. However, in the (Huixta
teosinte X maize) X maize population this gene pair segregated in a normal
1:1 ratio. In previous studies of Durango teosinte-maize hybrids involving
marker genes on chromosome 7 no deficiencies of the maize genes have been
reported in the segregating populations. This deficiency of chromosome 7
maize genes found in the populations studied in this experiment, therefore, is
not typical of all maize-teosinte hybrids, and does not always occur even in

crosses of maize with the same variety of teosinte.

TABLE §

Segregation of marker genes in El Valle teosinte-maize populations.

FiXMAZE Fa
CHROMOSOME GENE TEOS. MAIZE P TEOS. MAIZE P
GENE GENE VALUE GENE GENE VALUE
1 Bms 74 a! > .50 277 107 .20
2 Lg 64 81 .15 286 08 >.50
3 Ay 91 54 <.01 289 95 >.50
4 Suy 194 30 <.01 460 40 <.01
6 Y 75 149 <.01* 139 361 .15
7 Gl 76 69 > .50 278 106 .25
8 J1 96 49 <.01 306 78 .04
9 Wz 128 96 .04 360 140 .10
10 Gy 82 63 .20 308 76 .02

* Not segregating in 1:1 ratio.
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An excess of the double recessive segregates of the ¢, gene on the third chro-
mosome occurred in several progenies. In all Fq populations, with the exception
of the El Valle teosinte-maize hybrid, significant departures from a 3:1 ratio
were obtained. The same tendency for an excess of ¢;a: plants occurred in the
backcross populations of Nobogame and Huixta, although there was no such
indication in the Durango or Chalco backcrosses. The remaining significant
deviations are in all likelihood of a random nature, or have been caused
through difficulties in classification. In particular, seeds homozygous for su
or y were extremely difficult to classify in the I; progenies. The deficiencies of
7141 plants found in several populations were in all probability brought about

TABLE 6

Segregation of marker genes in Huixta teosinte-maize populations.

F X MAIZE F,
CHROMOSOME GENE TEOS. MAIZE P TEOS. MAIZE P
GENE GENE VALUE GENE GENE VALUE
1 Bm;, 82 114 .02 290 91 > .50
1 P — — — 42 113 .50
2 Lg 87 109 .10 278 103 .35
3 Ay 81 115 .02 261 120 <.01
4 Suy 123 134 .50 679 185 .02
6 Y 107 150 <.01 257 607 <.01
7 Gl 95 101 >.50 327 54 <.01
8 J1 93 103 >.50 316 65 <.01
9 Wx 120 137 .30 661 203 .40
10 Gy 116 80 .0t 110 28 .20

through a failure to identify this character in every instance. As plants homo-
zygous for gy are usually weak, the deficiencies of this character probably
resulted from a loss of such plants at germination or in the early seedling stage.

RESPONSE TO PHOTOPERIODISM

Previous investigations have shown that all teosinte varieties are sensitive
to photoperiod, although there is considerable variation among the different
varieties in the strength of their response. The results of EMERSON (1924),
Lancram (1940) and O’MAaRrA (1942) show that the Mexican teosintes will
bloom much earlier than the Guatemalan teosintes, when both are subjected
to a 10-hour photoperiod. North American maize is rather insensitive to
photoperiod, although EMERSON (1924) and LaNcuAM (1940) found that late
types of maize from the more southern latitudes respond to photoperiod.
BrunsoN (cf. LancraM 1940) has also reported a late-flowering type of
maize, ¢z, which has an indefinite vegetative growth under field conditions,
but can be brought into flowering under short-day conditions. The maize
stock used in this experiment is adapted to the northern United States, and
represents an early type which is insensitive to photoperiod.
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The mean number of days to anthesis of each population is shown in table
7, and a measure of variation for each population is given as the standard
error of the mean. The maize parent bloomed in approximately 58 days, while
even the earliest teosinte variety required more than 100 days. The Mexican
teosintes as a group. flowered much earlier than the Guatemalan teosintes.
There is an increase in mean number of days to anthesis as the percentage of
teosinte germplasm increases within any group of progenies involving a par-
ticular teosinte.

The F; hybrids of the Mexican teosintes bloomed at approximately the
same time as the maize parent, indicating that maize is almost completely

TABLE 7

Mean number of days to anthesis of each population.

POPULATION NOBOGAME DURANGO CHALCO ELVALLE  HUIXTA JUTIAPA
Maize parent 58.24+0.40 58.240.,40 58.24+0.40 58.2+0.40 58.21+0.40 58.2+0.40
FiXmaize 57.0+0.32 58.2+0.41 61.5+0.45 71.6+1.06 67.6£0.50 66.6+0.75
Teosinte-maize F; 60.9+1.10 64.9+0.72 — 102.0+3.29 106.2+5.25 126.7+2.84
Teosinte-maize F 65.4+£0,46 70.91+0.52 74,7+0.59 112.5+1.51 131.2+1.49 115.5+2.08
FiXteosinte 74.7+1.00 87.01£1.07 94.41+0.70 172,9+0.96 178.3+1.04 175.7+1.23
Teosinte parent 110.4 137.5 146.0* 199.6 207,0* 206.2

* Actual date of blooming estimated.

dominant to these teosintes in photoperiodic response. Although no seed of
the Chalco teosinte-maize F; was available to permit inclusion of this hybrid
in the experiment, previous observations indicate that the Chalco teosinte-
maize hybrid blooms at approximately the same time as the Durango teosinte-
maize hybrid. The Guatemalan teosinte-maize F; hybrids flowered somewhat
later than the maize parent. Apparently maize is incompletely dominant to
this group of teosintes, since the mean number of days to anthesis of each of
these F; hybrids approached the maize parent more closely than it did the
teosinte parent. The rather wide range of blooming dates of these F; plants
suggests that they are quite easily affected by environmental conditions. The
mean blooming date of each of the (teosinteXmaize) X maize populations
approached the mean blooming date of the maize parent. The Fs hybrids on
the average bloomed slightly later than the Fy hybrids, with the exception of
the Jutiapa teosinte-maize cross. The (teosinte X maize) X teosinte progenies
involving the Mexican teosintes were somewhat intermediate between the
F; and the teosinte parent, but the Guatemalan teosinte backcrosses rather
closely approached the teosinte parent.

The length of the photoperiod at College Station during that part of the
year in which the populations were grown is given in figure 5. The hours of
sunshine possible are shown for number of days from planting, as well as for
time of year, so that the length of the photoperiod at which plants of any
population flowered may be readily determined. The frequency distributions
for number of days to anthesis of each population are shown in figures 6-11.
The plants have been grouped by 5-day intervals rather than by daily inter-
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Ficure 5.—The number of hours between sunrise and sunset during the growing season
of the maize-teosinte hybrids at College Station, Texas.

vals in plotting their blooming dates. This grouping, however, has had no
effect on the general appearance of the curves beyond smoothing out some
of the irregularities.

These data show that the behavior of corresponding populations of each
of the Mexican teosintes was quite similar. Likewise, the populations involving
the Guatemalan teosintes, although differing from those of the Mexican teo-
sintes, were quite alike in their behavior. Obviously the Mexican teosintes
represent slight variations of a certain type of photoperiodic response, and the
Guatemalan teosintes represent a group with a considerably stronger response.

The populations derived from Nobogame teosinte definitely show the
weakest response to short day of any of the populations studied. The maize
backcross progeny bloomed on the average slightly earlier than the maize
parent, and both populations have a very pronounced mode at the same
interval of 55-59 days. The F; mode is only slightly later than that of the
maize backcross, occurring at the next interval of 60-64 days. Even the
(teosinte X maize) X teosinte progeny exhibits a very weak response to length
of day, most of the plants falling within the same range as those of the F,
population. Apparently the day length of 13-14 hours, which prevailed during
the growing season, is only slightly above the critical photoperiod for this
particular variety of teosinte,
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The Durango and Chalco hybrid populations responded in much the same
manner under the conditions of this experiment. The maize backcross of each
variety exhibits little variation, and the mode for each population occurs at
55-59 days. The F» hybrids of the two varieties also have the same mode of
65-69 days. However, the Chalco F» population is noticeably more variable
and contains a higher proportion of late plants than the Durango F; popula-
tion. The (teosinte X maize) X teosinte populations for both strains are some-
what intermediate between the F, and each parent. The Chalco population in
particular has a definite mode approximately midway between the I, and
Chalco teosinte. Although both the Durango and Chalco progenies approach
the F; to a greater extent than they do the teosinte parent, this is probably
caused to a large degree by the extreme growing conditions to which the
teosinte parents were subjected.

The data clearly show that there is a definite sequence among the Mexican
teosintes in the strength of their response to length of day. Nobogame shows
the weakest response of the three teosintes, Chalco the strongest, and Durango
is intermediate between the two. Segregation in all populations definitely
shows, that for the photoperiod under which the experiment was conducted,
the weak response to photoperiod of the maize parent is completely dominant,
or almost so, to the strong response of the Mexican teosintes. There is, however,
no evidence of simple Mendelian inheritance for this character in any popula-
tion involving the Mexican teosintes,

The reaction of the Guatemalan teosintes in all progenies indicates that they
possess a comparable genetic complex for photoperiodic response. Like the
Mexican teosintes they exhibit a slightly variable response within this common
behavior pattern, although the exact sequence among these varieties is not
so clear. Considering all segregating populations, however, there seems little
doubt but that the Huixta variety shows the strongest response of the Guate-
malan teosintes.

The maize backcross progenies of all of these varieties strongly approach the
maize parent, although a few plants overlap the range of the F; progenies.
This distribution indicates dominance of the maize parent, although not of
the almost complete type found in the Mexican teosinte crosses. The segrega-
tion in all of the Guatemalan teosinte-maize F, hybrids is quite pronounced,
an extremely wide range occurring in all progenies. However, in the El Valle
and Jutiapa populations the modal blooming date occurs near the blooming
period of the maize parent, and in the Huixta progeny the majority of the
plants approach the teosinte parent in time of flowering. The behavior of these
F. populations, under the prevailing photoperiod, indicates that maize is
partially dominant to the El Valle and Jutiapa varieties for photoperiodic
response, but that the Huixta variety is partially dominant to maize for this
character.

The distribution of blooming dates in the teosinte backcrosses is quite
consistent for all of the Guatemalan varieties. These progenies show only a
moderate degree of segregation, and approach the teosinte parent in each
instance. This is a rather interesting occurrence in view of the fact that the
maize backcross progenies of these same teosintes approach the maize parent
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in time of flowering. These results rather definitely show, that regardless of the
parent to which the backcross is made, the resulting progeny will display the
flowering habits of the recurrent parent.

A rather striking abnormality noticed in plants of several segregating popu-
lations was a type of vegetative tassel. This unusual condition of the tassel
was particularly noticeable in the Huixta teosinte-maize F, and the backcross
of (Chalco teosinte X maize) X Chalco teosinte. One of the more pronounced
types of vegetative tassel from the Chalco backcross progeny is illustrated in
figure 12. As may be seen from the photograph this condition is characterized

FiGuRE 12.—Vegetative tassel from the (Chalco teosinte Xmaize) X Chalco teosinte population.

by the development of vegetative rather than floral organs in the spikelet. A
condition similar to this has been previously described in both maize and
teosinte by REEVES and STANSEL (1940) and in maize by CoLriNs (1909).
The occurrence of these vegetative tassels indicates that some plants may
actually revert to a vegetative state after a certain degree of floral initiation.
It seems reasonable to assume that for these plants the photoperiod was such
as to_induce originally formation of flowering primordia, but subsequent
conditions altered the normal development of the staminate inflorescence to
cause it to revert to a vegetative state. Perhaps such plants did not experience
the required photoperiod for a sufficient period of time to permit normal
development of the floral parts. LOEHWING (1939), in discussing the difference
in photoperiod required for flowering and fruiting stages, suggests that the
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photophase of plant development be divided into 1) an initial flowering phase
and 2) a gametogenic phase. If they may be so divided, the behavior of the
above mentioned plants may be explained by assuming that they received
the correct photoperiod for floral initiation but not for the gametogenic phase.

NUMBER OF TILLERS

A difference in number of tillers is one of the characteristics which, like
response to photoperiod, usually distinguishes maize from most varieties of
teosinte. Since tillering is associated with photoperiodism in teosinte varieties,
and since both are affected by the internal and environmental forces influenc-
ing the vegetative and reproductive stages, it seemed desirable to determine
whether the same chromosomes are involved in the inheritance of tillering
and photoperiodism.

Although there are types of maize which may tiller as profusely, or even
more so, than some varieties of teosinte, most of the present-day varieties of
field maize commonly grown in the United States evidence little tendency for
tillering. A glance at the data in table 8 reveals that the maize stock used in
this experiment produces no tillers, and that the teosinte varieties exhibit

TaBLE 8

Mean number of tillers of each population.

POPULATION NOBOGAME DURANGO CHALCO EL VALLE HUIXTA JUTIAPA

Mazie parent 0 0 0 0 0 0

FiXmaize 1.894.08 2.224+ .13 0.91+ .08 2.411% .16 1.60% .10 2,37 .1t
Teosinte-maize Fi 2.00t .42 2.79% .39 — 4.07+.63 3.82+ .40 3.93+ .47
Teosinte-maize F; 3.294+ .10 3.22+ .11 1.08+% .06 4,084 .13 3.20% .10 5.38% .24
Fi Xteosinte 4.51+ .13 4.33+.16 1.284 .08 9.71+ .41 10.13%.39 8.78% .53
Teosinte parent 5.38+ .42 4,881 .48 1.10+ .53 14.144 .98 10.92+ .89 8.50+1.06

varying degrees of tillering. All of the Guatemalan teosintes show a strong
tendency for tillering, while the Durango and Nobogame varieties tiller
moderately. The Chalco variety is quite similar to maize in this character,
producing on the average slightly more than one tiller per plant. A consistent
feature of all progenies involving a particular teosinte is an increase in mean
number of tillers with an increase in percentage of teosinte germplasm.
The Nobogame and Durango teosintes behave very much alike in their
effect on tiller number in the different hybrids with maize. The mean tiller
number of the F; and F, populations of each variety is approximately inter-
mediate between the two parents, and the mean of each backcross population
falls between the mean of the F; hybrid and the recurrent parent. However,
the means of these segregating populations do indicate some degree of dom-
inance for the tillering habit of the teosinte parent. With the exception of the
Nobogame teosinte-maize F;, the F; and F; hybrids are closer to the teosinte
parent than to the maize parent, and the backcross to teosinte approaches the
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teosinte parent much closer than the backcross to maize approaches the maize
parent. The degree of tillering in the Chalco hybrids, although much below
that of the Nobogame and Durango hybrids, also indicates dominance for the
tillering habit of the teosinte parent.

The Guatemalan teosintes show much the same type of behavior they
exhibited for photoperiodic response. All varieties react in the same general
manner in the different hybrids with maize, and from the behavior of the
F; and I, progenies, the maize parent appears to be partially dominant to the
teosinte parent. The mean number of tillers for each of the Fy and Fs popula-
tions including the Guatemalan teosintes, with the exception of the Jutiapa
teosinte-maize Fy, is closer to the mean of the maize parent than to the mean
of the teosinte parent.

The backcrosses to maize involving the Guatemalan varieties are somewhat
intermediate between the Fi and the maize parent, and exhibit a rather limited
degree of tillering. The backcrosses to teosinte on the other hand tiller pro-
fusely, and approach the teosinte parent very closely in mean number of tillers.
Here again, as in the response of these same hybrids to photoperiod, the
backcross progeny displays the habit of the recurrent parent. This parallel
behavior of the two characters is not surprising, since vegetative growth in
plants, and hence production of tillers, is strongly affected by length of the
growing period.

LINKAGE RELATIONS OF MARKER GENES WITH PHOTOPERIODIC RESPONSE
AND TILLER NUMBER

A study of the linkage relations of marker genes with photoperiodic response
and tiller number offers one of the most promising methods of determining
the genetic nature of these two quantitative characters. Results of such a
study not only give some idea of the number of factors that may be involved
in the expression of such characters, but also serve to identify the chromosomes
on which genes controlling the characters may occur. Linkage relations be-
tween the quantitative characters studied and the marker genes were de-
termined for each maize backcross and F» population with the exception of
those involving the Jutiapa variety. In testing for linkages between the
qualitative marker genes and the quantitative teosinte characters, the group
comparison method for classes of different size, as outlined by SNEDECOR
(1946), was followed. With the use of this method a comparison was made
between those segregates carrying the maize allele and those carrying the
teosinte allele. The existence of linkage has been considered as established in
those instances where the difference between the means of the two groups
(maize allele versus teosinte allele) is significant, and the deviation is in the
proper direction to indicate a linkage.

A summary of the linkage relations between photoperiodic response and
the marker genes for each population is given in table 9, and the same data
for tiller number are included in table 10. These tables contain the linkage
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data for both the maize backcross and F: populations involving each of the
teosinte varieties. Two symbols were used to denote the certainty of the
linkages. Obviously more reliance may be placed on those relationships
which have proven significant at the .01 level, than on those significant at
only the .05 level. Strong deviations suggesting linkage, even though the
differences were not quite significant at the .05 level, have likewise been
indicated. Any significant deviations not due to linkage have also been
included. '

TABLE 9

Linkage relations of photoperiodic response with marker genes on nine chromosomes of maize,
for eacl maize backcross and Fy population involving different varieties of teosinte.

NOBOGAME  DURANGO CHALCO EL VALLE HUIXTA
CHROM.  GENE — -
BC F, BC F. BC F. BC F. BC F»

1 Bm, - S - - - -+ - S I= -

1 P - - - -+ -

2 Lg - - - - - - ++ - + +

3 Ay S I - - - S - — - —

4 S, S S - - - - - - — -

6 Y - - - = + + I + - -

7 Gl - - - - - - + - - -

8 Ja - - - - + ++ + ++ ++ +

9 Wa I - - - - - - - - -
10 G, - - - + ++ ++ ++ ++ I ++

+ -+ =Strong linkage, P-<.01. — =Independent inheritance.

+ =Linkage, P=.05-.01. S=Strong deviation not due to linkage, P<.01.

I=Indication of linkage. Is=Deviation not due to linkage, P=.05-.01.

The data conclusively show that genes controlling response to short day are
located on chromosome 10 of all teosintes studied with the exception of Nobo-
game, and on chromosome 8 of all varieties except Nobogame and Durango.
Chromosome 6 of Chalco and El Valle also carries genes influencing response
to day length. Genes affecting this character definitely occur on chromosome
2 of Huixta, and perhaps on chromosome 2 and 7 of El Valle and chromosome
1 of Chalco. The linkages for all teosintes were usually consistent in both the
maize backcross and F, progenies, although in some instances a linkage was
obtained in only one of the two progenies of a particular variety. The results
for short day response obtained in this experiment agree in part with those of
MANGELSDORF (1947), who reported that chromosome 10 and perhaps chro-
mosome 8 were involved in response to length of day.

It should also be noted that deviations in the wrong direction for linkage
with the strong response for short day occur in several of the populations.
This is particularly true in the Nobogame hybrids, where marker genes on
chromosomes 3 and 4 show deviations in both the maize backcross and Fa
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populations. The deviations for the marker gene on chromosome 4 may be
accounted for by the slowness in growth of the su; plants, but there may
actually be factors for earliness on chromosome 3 of Nobogame which produce
what appears to be a reverse linkage. The occurrence of a significant deviation
of this same type for the marker gene on chromosome 3 in the maize-Chalco
F. lends additional support to this assumption that chromosome 3 of some
varieties may possess earliness factors. As the other deviations in the wrong

TaBLE 10

Linkage relations of tiller number with marker genes on nine chromosomes of maize,
for each maize backcross and Fs population involving different varieties of teosinte.

NOBOGAME DURANGO . CHALCO EL VALLE HUIXTA

CHROM. GENE
BC F, EC F, BC F, BC F, BC F.

1 Bm + ++ + + +  ++ e+t
1 P - - - - — —
2 Lg + ++ ++ ++ ++ - ++ + ++ ++
3 A, - - - - - + — - - —
4 Suy - ++ - - - Is - - ++ ++
6 Y - - + + - - — - - —
7 Gl ++ ++ - ++ ++ - ++ - ++ ++
8 J1 - ++ - Is - - - - - -
9 Wax + - - = - - - - - =
10 Gy - ++ - - - - - - - -
+ 4+ =Strong linkage, P<.01. — =TIndependent inheritance.
-+ =Linkage, P=.05-.01. Is=Deviation not due to linkage, P=.05-.01.

direction are those for the marker gene on chromosome 1 in the Nobogame
F,, El Valle F; and Huixta backcross, perhaps factors for earliness are also
located on chromosome 1 of several teosinte varieties. The fact that these
deviations are limited to a few chromosomes affords greater credence to the
supposition that earliness factors do exist on chromosomes of the teosinte
varieties.

Tiller number shows a linkage with the marker gene on chromosome 1 in
all progenies, and a linkage with the marker gene on chromosome 2 in all
progenies with the exception of the maize-Chalco F;. Genes responsible for
tillering are also indicated on chromosome 7 of all varieties, as linkages with
the marker gene on this chromosome occur in either one or both of the prog-
enies involving each particular teosinte. The data show that genes affecting
tiller number occur on chromosomes 6 of Durango and 4 of Huixta, and
possibly on chromosomes 4, 8, 9 and 10 of Nobogame and 2 of Chalco. The
different teosintes are unusually consistent in the number of linkages shown
by each variety, and also for the particular chromosomes involved in these
linkages. These results indicate that each teosinte has approximately the same
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number of factors affecting tiller number, with the possible exception of the
Nobogame variety for which more are indicated.

Some caution must be exercised before definitely concluding that genes
‘acting on tiller number are located on the chromosomes indicated by the
linkage studies. Some of these apparent linkages may be the result of the
direct action of the maize gene, as it is known that some recessive genes in
maize actually influence the degree of tillering. This may be true in particular
for the linkages found on chromosome 2, as it has been previously observed
that plants with the liguleless character, which served as a marker for this
chromosome, produce fewer tillers than normal liguled plants. The genes
bms and gly, which served as marker genes for chromosomes 1 and 7 respec-
tively, are less likely to exert a direct effect on the tillering habit, and the
significant relationships of these genes with tiller number probably represent
actual linkages. -

These data clearly show that genes governing each of the particular quanti-
tative characters studied tend to be located on the same chromosomes in
each of the varieties. Genes controlling photoperiodic response occur most
frequently on chromosomes 8 and 10, and genes for tillering commonly occur
on chromosomes 1, 2 and 7,

The average days to anthesis for each class with a different number of tillers
were computed for each population, in order to determine whether any re-
lationship existed between the two characters. No correlation was indicated
from these calculations, however, as there was no consistent increase in days
to anthesis with an increase in number of tillers.

DISCUSSION

Previous investigations on the physiological processes responsible for floral
initiation in plants have shown that photoperiod and temperature are the
primary factors which influence time of flowering. Individual varieties within
a particular species (or closely related species) may differ primarily in their
time of floral initiation, therefore, because of their response to either photo-
period or temperature. Differences due to photoperiodic response alone may
be obscured by growing all varieties under a day length which is no longer a
limiting factor in determining the time at which they flower. If length of
photoperiod is thus removed as a limiting factor, and the differences still
remain in time of flowering, it seems reasonable to conclude that these residual
differences represent variation among varieties in thermal requirements. In
other words, even under an inductive photoperiod some varieties take a
longer period of time than others to attain the condition essential to floral
initiation, and from a genetic standpoint might be regarded as carrying fac-
tors for lateness in addition to those affecting response to photoperiod. Pre-
vious studies in both maize and teosinte show that differences in time of
flowering may still exist among varieties of each species when length of photo-
period is no longer a limiting factor.

Although no extensive experiments have been conducted on photoperiodic
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response in maize varieties, the results available indicate that varieties of
Central and South America are sensitive to photoperiod. MANGELSDORF
(unpublished) has found that varieties from Guatemala, Costa Rica, Colombia
and other Central and South American countries, which ordinarily do not
flower until October when grown in the vicinity of Boston, are readily forced
into flower with short-day treatment. North American varieties on the other
hand are affected not at all, or at least very little, by photoperiod, and have
apparently become adapted to a long photoperiod through a process of selec-
tion. According to HAMNER (1944), “If a given species contains any strains
which are especially sensitive to photoperiod and can be classed without
question into either the long-day or short-day group, then all of the other
strains of the same species will tend to exhibit responses which would place
them in the same class. For example, the varieties or strains of some species
may be arranged in a graded series, at one end of which the plants are typical
short-day plants and at the other end of which the plants are day-neutral or
nearly so.” As maize varieties apparently form a graded series such as that
described above, it seems reasonable to conclude that maize is essentially a
short-day species, although certain strains have been developed through a
process of selection which are adapted to relatively long photoperiods.

All known varieties of teosinte behave as short-day plants, although the
strength of response varies with the variety. Those varieties from Mexico
consistently exhibit a weaker response than the Guatemalan varieties, and
will also bloom much earlier even under 10-hour photoperiods. LaNcHAM
(1940) has shown that an early type of maize, such as the multiple gene tester
used in the present study, blooms at approximately the same time as the
Mexican teosintes when both are subjected to short-day treatment. Although
no studies on short-day treatment were included in the present experiment,
the behavior of the maize parent and teosinte varieties under short-day
conditions in the greenhouse during the winter was similar to that reported
by LancHaM. The maize parent and Mexican teosintes bloomed at approxi-
mately the same time, and much earlier than the Guatemalan teosintes.

The inference from these results is that the difference between the maize
parent and the Mexican teosinte varieties in time of flowering under long
photoperiods must be due to those genes of the Mexican teosintes influencing
response to photoperiod. In contrast, although the maize parent seems to
differ from the Guatemalan teosintes primarily in those genes responsible for
photoperiodic response, other factors which affect floral initiation under even
the most favorable inductive photoperiod may also be involved. LaNcHAM'S
(1940) data on the short-day treatment of Huixta teosinte at different stages
of growth throw some light on the factors which influence flowering in this
variety. He found that plants in the seedling stage flowered in 101 days after
short-day treatment was begun, while plants about six weeks old flowered
after a short-day treatment of only 47 days. Apparently the Guatemalan
varieties such as Huixta must attain a certain stage of development before
short-day treatment is effective. These results suggest that the Guatemalan
teosintes possess genes which prevent floral initiation until the plants attain
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a certain stage of development, regardless of the length of photoperiod under
which they are grown. Perhaps a thermal requirement must first be met
before length of photoperiod becomes a limiting factor, and genes governing
photoperiodic response become effective.

This study of the maize-teosinte hybrid populations throws some light on
the functioning of the genes affecting response to photoperiod. The behavior
of the Mexican teosinte-maize hybrids shows that under natural day length
in Texas the maize parent is almost completely dominant to this group of
teosintes in photoperiodic response. However, LaNncHAM’S (1940) results
indicate that the length of photoperiod may have an effect on the degree of
dominance displayed by the maize parent, as in a study of Durango teosinte-
maize hybrids at Ithaca, New York, he found that the F; hybrids bloomed
somewhat later than the maize parent. This suggests that as the photoperiod
increases maize is no longer completely dominant to teosinte, and indicates
that the teosinte genes governing response to photoperiod are still active in
the hybrid, and merely require a higher photoperiod than they do in teosinte
to become effective.

The results obtained with the Mexican teosintes show that a very defnite
relationship exists between the strength of their response to photoperiod and
the latitude at which they originated (see map, fig. 1). Also strength of re-
sponse to photoperiod among these varieties is not completely correlated with
other teosinte-like characteristics of the variety. The Chalco variety, which is
definitely more maize-like in morphological characters than the Durango
variety, exhibits a noticeably stronger response to photoperiod. As teosinte
is constantly hybridizing with maize in Mexico, it appears that the maize
with which each of the Mexican teosintes has been contaminated may be
the controlling factor in their response. This photoperiodic response of the
teosinte varieties is what might he expected if the response is primarily de-
termined by maize varieties with which they hybridize, since MANGELSDORF
(unpublished) has found that maize varieties also become more responsive
to photoperiod as they approach the equator.

The Guatemalan teosinte-maize hybrids bloom much later on the average
than the Mexican teosinte-maize hybrids, and the maize genes are not com-
pletely dominant to genes of the Guatemalan varieties in photoperiodic
response. The wide distribution of segregates in the F: populations must be
primarily due to those genes controlling photoperiodic response, since the
teosinte parents themselves exhibit such a strong response under this same
photoperiod. As previously suggested, however, the maize parent and the
Guatemalan teosintes may differ by other factors which influence time of
flowering, so there may be some segregation due to these factors. The changing
photoperiod during the growing season may also have a pronounced effect on
this distribution. A study of Guatemalan teosinte-maize hybrids under
short-day conditions should provide additional information on the factors
distinguishing this group of teosintes and maize in time of flowering.

In the backcross populations involving the Guatemalan teosintes very few
of the segregates approach the F, hybrid, and the distribution of the segregates
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indicates that the proportion of parental germplasm is the primary factor
in determining time of flowering. In other words the maize genes are partially
dominant in the backcross to maize, while the teosinte genes are partially
dominant in the backcross to teosinte. This behavior illustrates a rather
unique type of gene action, and cannot be accounted for by either the incom-
plete type of dominance frequently reported for quantitative characters, or
by the pronounced dominance of one parent. The type of behavior occurring
in these backcrosses is perhaps best described by the term “antithetical
dominance,” which was first suggested by ANDERsON and Erickson (1941)
to explain those cases where the modifiers tend to favor one parental extreme
or the other. In the present study the modifiers carried by the maize chromo-
somes apparently favor the maize genes which have a weak response to photo-
period, while modifiers carried by the teosinte chromosomes favor the teosinte
genes which have a strong response. This behavior represents an actual re-
versal of dominance similar to that described by HArLAND (1932) for the
normal versus crinkled character in Gossypium, where normal behaves as a
dominant in Gossypium barbadense L., but is recessive when transferred to
Gossypium hirsutum L. In these particular maize-teosinte hybrids the strong
response of teosinte behaves as a dominant when teosinte germplasm is pre-
ponderant, but is more or less recessive when the genetic complex approaches
that of maize. Although photoperiodic response is not actually controlled by
a single gene, as is the crinkled character reported by HARLAND, the same
general type of behavior apparently takes place for each of these characters
in species hybrids.

Since photoperiodic response is a rather complex character, and its genetic
nature is not completely understood, it becomes rather difficult to develop any
precise explanation of the gene action in the two species for this character. The
results obtained in the backcross populations might be considered as support-
ing the theory of dominance proposed by Fismer (1928, 1931), since it seems
certain that dominance of the major genes controlling photoperiodic response
is conditioned. by modifying factors. However, it is difficult to see how this
influence of the modifier complex on the dominance of other genes came about
as postulated by FIsHER: whereby the heterozygote gradually approached the
wild type due to the action of modifying factors. Rather, it seems that there
has been a selection of numerous genes, perhaps over a considerable period
of time, which influence photoperiodic response under the conditions to which
each of the species has been subjected. As this character is undoubtedly
influenced by numerous genes in each species, this selection actually amounts
to the development of a genetic complex which controls photoperiodic re-
sponse. Therefore, as the genetic complex approaches that of either parent,
the type of photoperiodic response also tends to approach that particular
parent. As the multiple tester maize parent and the Guatemalan teosintes
represent types which are adapted to extremely different conditions, it seems
reasonable to conclude that the modifier genes would be selected in each type
which favor blooming under the particular photoperiod of their native habitat.

The strong photoperiodic response exhibited by the Guatemalan varieties,
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in contrast to that shown by the Mexican varieties, might well be expected
because of the shorter days of their natural habitat. However, the response
within the Guatemalan group of varieties does not strictly follow latitude, as
the Huixta variety, which has the strongest response, occurs at a slightly
higher latitude than the El Valle and Jutiapa varieties.

The linkage studies have shown that at least part of the genes responsible
for photoperiodic response are found on the same chromosomes in the different
varieties, particularly on chromosomes 8 and 10. As genes on these same
chromosomes were found in both Mexican and Guatemalan teosintes, they
must be genes which control response to photoperiod. It seems reasonable
to conclude that these genes, because of their location on the same chromo-
somes of the different varieties, have had the same origin. Presumably these
are also the genes having a major effect on photoperiodic response, although
there are probably numerous genes on other chromosomes which have minor
effects or which act as modifiers. Those teosinte varieties which exhibit the
weaker responses now have either fewer or less effective genes governing re-
sponse to photoperiod.

The behavior of the segregating populations indicates that the genetic
complex of each variety has a pronounced effect on the action of these genes
controlling photoperiodic response. Results obtained by Harranp (1929,
1932, 1936) in studies of Gossypium hybrids tend to support this supposition,
since he has proved experimentally that the expression of a particular gene
may be affected by the modifier complex. He found that genes which segre-
gated in a simple Mendelian ratio when tested within a species display a
blending type of inheritance in species hybrids. In further studies he has
shown that genes transferred from one species of Gossypium to another will
have a quite different expression in the two species. For example, the gene for
petal spot in G. barbadense L. produces a large spot, while in G. hirsutum L.
the modifier complex causes the spot to be small. It seems quite probable that
genes affecting photoperiodic'response in certain of the teosinte varieties have
lost a part of their effect through the introgression of maize germplasm which
possesses modifiers curtailing their expression.

In summarizing these results, the evolution of photoperiodic response in the
various teosintes is apparently influenced not only by the infiltration of maize
germplasm, but also by the type of maize germplasm. Natural selection in all
likelihood influences the development of a type of photoperiodic response best
adapted to the particular habitat of each variety. The strong response to
short day is not necessarily correlated with other teosinte-like characteristics
of each of the varieties studied. In general, photoperiodic response is corre-
lated with the geographical origin of each variety. This might be expected
since a similar relationship exists between maize varieties and geographical
origin. As this holds true for all except the Huixta variety, apparently this is
the least maize-like of the teosinte varieties so far as photoperiodic response
is concerned.

It 1s possible that response to short day does not represent a truly distin-
guishing characteristic between maize and teosinte, since there may be maize
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varieties which exhibit a response to photoperiod as strong as that of teosinte.
Response to photoperiod is certainly found in both species, and a considerable
range of variation in this character probably occurs in both maize and teosinte.
Further investigations on the nature of the photoperiodic response of maize
varieties in Central and South America should provide information for a
better comparison between the two species in this character.

The tillering habits of the various teosintes included in this study follow in
general the same pattern which these varieties exhibit for photoperiodic re-
sponse. The Guatemalan teosintes are quite similar in tillering behavior, and
all show a much stronger tendency for tillering than the Mexican varieties.
Within the group of Mexican varieties, however, Chalco teosinte, which
exhibits the strongest response to photoperiod, is more maize-like than either
Durango or Nobogame in the production of tillers. Degree of tillering in teo-
sinte varieties, therefore, is not necessarily associated with strength of re-
sponse to photoperiod.

Tillering habit within each of the teosinte varieties, as shown by the be-
havior of all segregating populations, exhibits no consistent relationship with
photoperiodic response, since there is no correlation indicated between tiller
number and days to anthesis in any of the populations. In addition, genes
controlling tiller number in teosinte occur most frequently on chromosomes
1, 2 and 7, while genes for photoperiodic response are commonly found on
chromosomes 8 and 10. The fact that genes affecting tiller number are usually
found on the same chromosomes of the different varieties indicates a similar
source of genes for this character. However, as these genes are not as effective
in some varieties as in others, apparently their effect has been weakened by the
introgression of maize germplasm.

SUMMARY

The inheritance of photoperiodic response and tillering was studied in
several segregating populations of maize-teosinte hybrids. A multiple tester
stock carrying marker genes on nine of the ten chromosomes served as the
common maize parent in these progenies. Teosinte varieties from three sources
each in Mexico and Guatemala were used in these hybrids to provide a repre-
sentative sample of the species.

Each of the teosinte varieties exhibits a definite response to photoperiod,
although the Guatemalan teosintes show a much stronger response than the
Mexican teosintes. The weak response of the maize parent is almost completely
dominant in all crosses with the Mexican teosintes, but the Guatemalan
teosinte-maize crosses show an intermediate type of behavior indicating that
neither parent is completely dominant. This differential response of the various
teosinte varieties is probably due in a large part to the action of modifier
genes which each carries. The behavior of the backcross populations involving
the Guatemalan teosintes suggests that genes responsible for the time of
flowering in each species are strongly favored by modifiers of their own
genetic complex.

The distribution of plants in all segregating populations indicates that
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several genes are responsible for the photoperiodic response of each of the
teosinte varieties. The linkage studies show that at least part of the genes
responsible for the photoperiodic response are found on the same chromosomes
in the different varieties, particularly on chromosomes 8 and 10. Presumably
these genes have had the same origin.

In general, photoperiodic response of the different teosinte varieties shows
a definite relationship with the geographical origin of each variety. Since a
similar relationship exists between photoperiodic response and geographical
origin in maize varieties, it seems likely that the introgression of maize germ-
plasm is an important factor in determining the photoperiodic response of the
teosinte varieties.

Number of tillers is largely controlled by genes on the same chromosomes
(1, 2, 7) of the different varieties, indicating a similar source of genes for this
character. However, these genes are much more effective in the Guatemalan
than in the Mexican teosintes, as their effect in the latter group of varieties
has apparently been weakened by the introgression of maize germplasm.

Tillering habit and photoperiodic response exhibit no definite relationship
in any of the segregating populations, indicating that these two characters are
controlled by different genes which are not closely linked.
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